This paper analyzes the determinants of farm income among farmers producing crops and animals in the Greater Accra Region of Ghana. It further estimates the willingness to pay for agricultural insurance by farmers. The farm income function was evaluated using a logarithmic function in which farm income is regressed as a function of determinants affecting it. The econometric results suggest that gender, education, farm size, farming experience, fertilizer usage and input cost all have a positive and statistically significant association with farm income. The results indicate that when investing in agriculture in the study region, weather hazards and pest and disease attacks are two important risk factors that need to be considered in the implementation of insurance policies since they have and statistically significant negative associations with farm income. The paper further observes that weather and pest/disease attacks are two significant risk factors that tend to influence farmers' willingness to adopt and pay for agricultural insurance.
Introduction
Agriculture is the mainstay of Ghana's economy and accounts for more than 20 percent of the nation's GDP (ISSER, 2014) . Even though its share has been reducing over the past couple of years, the sector still remains a relevant one towards development. More than half the population of the country is formally or informally involved in agricultural production. About 3.4 million households in Ghana own or operate a farm or keep livestock (GLSS, 2008) . Agriculture predominantly occurs in the rural areas, involving about 85 percent of rural households and only 15 percent of urban households. Most of these farmers are subsistence farmers and about 80 percent of the operated farms are smallholder farms (GLSS, 2008) . Most part of the farming population relies mainly on only their farm income, especially those living in the rural areas. One windfall is that, because farming is not very mechanized across the country, farm incomes generated are very low and thus poverty is very prevalent in farming communities. According to MoFA (Ministry of Food and Agriculture) 2010, small-scale farmers experience the highest incidence of poverty with 60 percent of food-crop farmers falling below the poverty line.
The Greater Accra Region is located in the southern part of Ghana and it is the capital city of the country. It has a population of almost 4.5 million representing about 18 percent of the total population of the entire ten regions (Population Census, 2010) . It has a farming population of about 10 percent of the total population of the region. This shows that, even though the predominant sectors in this capital city are the manufacturing and services sectors, farming activities are also of significant importance. Farming activities in the region include crop cultivation (mainly maize, rice, cassava, and water melon and vegetables such as tomato, garden eggs, pepper, okra, lettuce, onion, cucumber and cabbage) and animal husbandry, mainly sheep and goats, fowls and pigs (MoFA, 2010) .
Farm income refers to the amount an individual makes working on a farm either as a farmer or a hired laborer. As defined by Anriquez et al. farm income is defined as farm related income excluding labor income from off-farm employment as well as pensions and transfers. The farm work might include cultivating, operating, and managing the farm and the farm could either have crops, dairy, poultry, fish or the combination of any of these. In this context, farm income is defined as the entire average amount made from farming activities on individual farms for the period of five years. Farm income has been an uncertain variable in the Greater Accra Region due to several factors. Studies done by Biggs et al. (2011 ), El-Osta (2011 and Mabe et al. (2010) suggest that factors which affect farm income include age, education, gender, government policy, marital status, farming practices, access to extension services, credit availability and the marketing system. A study done by Bravo-Ureta et al (2005) suggest that farm income is a function of diversification, practices, structures, forestry, family labor, hired labor, cost, distance, credit, education and age. These studies and most others do not focus on the shock and risk aspects of the factors affecting farm income. Studies done in agricultural insurance show that shocks are very important determinants of farm income since they could reduce the income very drastically at any point in time. This study seeks to find the impact of some of these generally known physical factors in addition to certain agricultural shocks on annual farm income in the Greater Accra Region of Ghana.
Insurance in the agricultural sector is a very important issue but just recently received attention in Ghana. Until recently, governments since independence have attempted to modernize and increase the productivity of Ghana's agriculture through mechanization. This policy has often involved the subsidization of machinery and equipment as well as encouraging farmers to acquire them through hire purchase schemes. However, it is equally very important to provide some amount of security to farmers who take up the risks of using more and improved inputs. This would eliminate the fear of incurring high losses in the event of low yields due to certain various circumstances.
According to an analysis by Stutley (2010) , Ghana loses an average of 5.5% of the national production of the principle food crops due to climatic, biological and natural perils. The analysis was conducted for the eight main food crops grown in Ghana including maize, rice, cassava, yams, millet, sorghum, groundnuts and plantain. This thus presents good evidence why agriculture should be encouraged more in the country. The Ghana Agricultural Insurance Program (GAIP) started to provide agricultural insurance for Ghana in 2011. It provides agricultural insurance products (Note 1) for the country and currently also provides a risk management tool for the adverse effects of climate change and other risks to agricultural production.
The paper adds to the literature by providing an empirical analysis of farm income determination using both non-shock and shock factors specifically in the Greater Accra Region. It also shows factors that significantly affects farmers' willingness to enroll for agricultural insurance, and this information could be utilized by government as well as the 19 insurance companies (under the GAIP) that currently sell agricultural insurance products.
The rest of this article is organized as follows. The next section gives an overview of the relevant related literature, followed by a discussion of the conceptual framework and empirical model. The following section gives a description of the data used. The empirical results are then presented and discussed in the subsequent section. The paper then ends with some concluding remarks and policy recommendations.
Literature Review
Some studies have tried to develop models that would determine the best possible incomes that farmers could generate from their farming activities in specific geographical areas. Hattink et al. (1998) developed a cross-sectional profit function different from the usual time series analysis in order to determine the supply response of cocoa in Ghana. They argued that, the cross section model is stronger in conceptual sense since it is more firmly rooted in the neoclassical theory than the time series models. They found out that, cocoa producer price has only limited short-run effects on cocoa production and that cocoa pricing policies should be focused on short term plans. Henning et al. (2007) also developed a farm household revenue model to analyze price responses of farm households in the Mid-Western part of Poland. The model incorporated various types of transaction costs and labor heterogeneity and the results showed that the transactions and labor significantly affect the household income and consequently the household behavior.
Some other studies like this study have also focused on analyzing the effects of the determinants which affect farm revenue or income using different approaches and analytical procedures. Lopez et al. (2003) used a flexible farm revenue functional form and regressed the determinants on farm revenue per capita in Brazil. The determinants they analyzed were, inputs used per capita, land per capita, education of the household head, labor per capita, a dummy representing mechanized farming or not, family size, age of head of household and location of farm. They found out that, there is a very high degree of correspondence between the size of the farm operated by the farmer and his/ her level of income. Certain characteristics such as age and education also affect the farm income of the farmers significantly. They also realized that, the level of technology used significantly affected farm income to a very great extent. A much similar study was done by Anriquez et al. (2006) in Pakistan where they also tried to find the important determinants affecting the amount of revenues received by farmers. They emphasized more on the farm size by trying to analyze the effect a small reduction in farm size would have on the viability of the farm and eventually, on the farm income generated by the farmer. They regressed farm revenue as a function of age of household head, household size, education of the head, input cost, capital, informal credit, land owned, land operated and access to water. They estimated four different regressions and in each case regressed using four categories of land size which were landless, small farm size (<4 acres), medium farm size (4-20 acres) and large farm size (>20 acres). They found out that, medium and large farms had more revenue returns than the smaller and landless ones. They also observed that small and medium farms show a higher productivity than the larger farms. Of importance to their study, the results showed that the land markets in Pakistan were not efficiently working and hence made losses even when farm revenues were high. A recent study was done by Mishra et al. (2011) to estimate the income of U.S. farm households. Their results confirmed the findings of previous studies that, farm income is closely related to age of the operator, education, occupation, farm size, location and number of earners in the household. They observed that income is a significant determinant of household wealth. They also observed that, the wealth-income curve is nonlinear, upward sloping, and convex and using the Hausman's specification test, they indicated that variations in farm household wealth is better explained by estimated permanent income than observed total household income.
Sources of Income of Rural Farm Households in Ghana
Mostly, farmers and their households generate income from other sources apart from their farming activities. Because of this reason, some studies have estimated the total income (both farm and non-farm income) generated by farmers as a function of their determinants. For this study, such an idea was not considered because in the Greater Accra Region, farming is mainly done by rural farmers who acquire most of their income from their farming activities and as such makes the non-farm income somehow insignificant as a value. Table 1 shows the acquisition of average income by rural farmers in Ghana and thus, a generalization could be made for all the rural settlers who indulge in farming. The above computation shows that, farmers make a very significant proportion of their income from farming activities (in this case the Greater Accra Region), and thus a study to identify the significant determinants is a very justifiable cause.
Since the inception of the agricultural insurance program in the country, there have been a few number of studies conducted with regards to the topic. Going forward in the paper, some of the relevant ones are reviewed. Very much related to this paper are two 'willingness-to-pay for agricultural insurance' studies. Kwadzo et al. (2013) examined food crop farmers' willingness to participate in market-based crop insurance scheme in the Kintampo North Municipal of Ghana, using primary data solicited from 120 farmers in April 2010. They estimated the farmers' willingness to participate in a hypothetical market-based insurance scheme using the contingent valuation method. Their results reveal that the mean willingness to pay premium for a hypothetical loss of GH¢ 1,000 of farm income is GH¢24.43. The minimum and maximum willingness to pay premium, in the insurance scheme are GH¢5.00 and GH¢80.00 respectively. Their results also show that farm size, family size and diversification via livestock are factors that influence farmers' willingness to participate in crop insurance. Danso-Abbeam et al. (2014) also studied the willingness of cocoa farmers to pay for cocoa price insurance in the Ghana. They employed an independent double-hurdle model to determine factors influencing farmer's adoption of cocoa price insurance and the premium farmers are willing to pay. Their empirical results revealed that farmers' interest in cocoa price insurance was affected by range of explanatory variables such as marital status, number of years in cocoa farming, educational attainment, household size, farm size, ownership of farm land for farming, age of cocoa farm, age squared of cocoa farm, farmers being aware of the insurance scheme and income
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In a different dimension, Karlan et al. (2014) sought to test the importance of capital constraints and uninsured risk, separately and together, as financial market imperfections hindering optimal investment by smallholder farmers. They employ multi-year, multi-arm randomized trial with cash grants, rainfall insurance grants and rainfall insurance sales in the northern part of Ghana. They observe that uninsured risk is a binding constraint on farmer investment, meaning when farmers are provided with insurance against the primary catastrophic risk they face, they are able to find resources to increase expenditure on their farms. They also show that there is sufficient demand to support a market for rainfall insurance. They further observe that, at an actuarially fair price, 40 to 50 percent of farmers demand index insurance, and they purchase coverage for more than 60 percent of their cultivated acreage. From their data, they observe as well that demand for insurance in subsequent years strongly increased with farmers' own receipt of insurance payouts, receipt of payouts by others in the farmer's social network and with recent poor rain in the village. Another paper that is noteworthy is Nunoo et al.'s (2014) study which provides the literature with information on the state of provision of agricultural insurance as a means of protecting financial investment in agricultural productivity in Ghana, since its implementation. They also look at issues arising from empirical evidence on agricultural insurance provision and link them to scholarly articles on these issues. They observe that there has been considerable effort from the German Development Cooperation, the Ghana National Insurance Commission and government ministries and agencies, the Insurance sector in Ghana and stakeholder institutions leading to the creation of an agricultural insurance provider in Ghana. They however note that the system is facing major challenges resulting primarily from the inability of the state to provide the needed policy and regulatory support that will assist the insurance sector in the development and delivery of the agricultural insurance products.
Conceptual Framework and Empirical Models
The emphasis of this study is to analyze the effects that some agricultural shocks or insurable agricultural risks have on the amount of farm income generated by farmers. Farm Income is defined in this study as the average income farmers make from their farming activities on individual farms for the period of five years. Consistent with the studies done by Bravo-Uretaa et al. (2006), Anriquez et al. (2006) and Lopez et al. (2003) , the relationships normally constructed for farm revenue functions are those between farm revenue as the dependent variable, and natural capital (land, livestock, crops etc.) and human capital (education, experience, age, other demographic attributes etc.). The study thus follows this theoretical framework in addition to some agricultural shocks that affect the productivity of farmers.
The theoretical farm revenue function is thus given as:
FaInco= f (Age, Sex, Educ, FaSi, FaEx, PdnTyp, Fert, InpCo, Wthr, Fire, Thef, Pada) Following the logarithmic farm revenue function used by Bravo-Uretaa et al. (2006), this study also analyzes farm income as a logarithm function of the independent variables. Age squared and Education squared are also estimated to find whether the estimates of very old farmers and highly educated farmers had consistent results as that of Age and Education respectively. Production type is estimated as a dummy with three categories, and therefore has two dummies. The first category which is the base or reference point refers to farmers who cultivate only crops, the second category is farmers who cultivate only livestock and the third category is farmers who cultivate both crops and animals.
As estimated by Anriquez et al. (2006) , this paper also estimates an interaction between farm size and farming experience and an interaction between gender and education.
The empirical model is thus given as; 
The Ordinary Least Squares (OLS) method is used in this study to estimate the various parameters of the empirical model. This is because the OLS method is best, linear and unbiased (BLU). Thus, among all linear unbiased estimators, it exhibits the lowest variance (Wooldridge, 2008) . Also, the OLS method is simple to use. It is therefore assumed in this study that, the expectation of the error term is supposed to be zero.
The supply of agricultural insurance in general is affected by the occurrence of risks or otherwise known as farm perils such as thefts, floods, hailstorms, droughts, fire outbreaks etc. and some of these risks are likely to affect the demand of agricultural insurance by insurance companies. According to Olubiyo (2009) , perils which could affect the demand of agricultural insurance by farmers in the sub-region include bad weather (floods and droughts), fire outbreaks, thefts and pest and disease attacks on farm produce. Practically, factors such as age, level of education, farm size and income levels of farmers may also influence the demand and supply of agricultural insurance by farmers and insurance companies respectively.
Detailed Variable Description
Age: refers to the age of the individual farmers enumerated. It is expected that, as the farmers get older, they would be more willing to insure their agricultural assets due to experiences they encounter from risks. Education: defined as the level of education attained by the farmer. It is measured as the number of years the farmer has obtained formal education. It is expected that, as the farmers attain more formal knowledge, they would be more willing to insure their agricultural assets.
Farm Size: refers to the size of farm being cultivated by the farmer. It is measured as the number of acres being cultivated by the farmer. It is expected that, the larger the farm size of a farmer, the more willing he or she would be to insure his or her agricultural assets. This is because, losses would be very high in the event of a risk.
Unfavorable Weather: defined as the weather conditions which negatively affect productivity. The main components of this variable are flood and drought. Unfavorable weather is measured as the number of times either flood or drought occurred on the farm within the last five planting seasons. It is expected that the occurrence of unfavorable weather would encourage more farmers to insure their agricultural assets.
Fire Outbreak: defined as the situation where fire destroys either some part or the entire part of a farmer's farm. This variable is measured by the number of times fire gutted any portion of the farm within the last five planting seasons. Despite the fact that fire outbreak is a very significant component in agricultural insurance, most of the farmers enumerated have not experienced it. It is therefore expected that, fire outbreak in the Greater Accra Region would not significantly affect the willingness of farmers to insure their agricultural assets.
Income: defined as the average level of annual farm income that farmers derive from their farm through their farming activities within the last five planting seasons. This variable is normally proportional to the farm size with larger farms recording higher farm incomes than the smaller ones. It is expected that, farmers with higher incomes will be encouraged to insure their agricultural assets against huge losses on their farms.
Thefts of Farm Produce: refers to the reduction in productivity or output due to thefts of farm produce. From the data gathered, the farmers indicated that thefts occurred on almost all of the farms with some farmers recording high rates whilst others record very low rates. This variable is measured as the number of times a farmer's produce has been stolen either on the farm or in storage. It is expected that, the occurrence of thefts would encourage farmers to insure their agricultural assets and produce against theft.
Pest and Disease Attacks: defined as the situation where pests or diseases (or both) destroy some part of the farm which results in a significant loss in output. It is measured as the number of times pests or diseases (or both) has affected some part of the farm causing a significant loss within the last five planting seasons. It is expected that, the occurrence of pest and disease attacks would cause farmers to insure their agricultural assets.
The study assumes that, the insurance companies under the GAIP that sell agricultural insurance products are rational and net maximizing firms. It is also assumed that, the farmers enumerated are rational and would want to benefit from the premiums that they would be required to pay.
The theoretical agricultural insurance demand function for the farmer's willingness to insure is therefore given www.ccsenet.org/ijef To determine and analyze the factors that affect agricultural insurance, a logistic (logit) regression of the expected factors on agricultural insurance is estimated due to the dummy nature of the dependent variable.
The logistic econometric agricultural insurance willingness to pay model estimated in this study is thus given by equation 4 as:
Where:
log 1
AgriIns AgriIns
= Log odds of the probability that a farmer will opt for agricultural insurance;
The rest of the variables are stated as previously defined.
The Betas (β 1 -β 5 ) are the coefficients and the estimates in this model are in log odds. The marginal effects are then calculated to determine the effects of the factors on the dependent variable.
Data and Descriptive Statistics
Cross-sectional data is used for the analytical purpose of this study. This comprises primary data collected from five districts in the Greater Accra Region in 2011. Selection of these districts was done randomly. Individual farmers with varied production entities ranging from crops to livestock were interviewed. Farm size was not limited and farmers with different farm sizes were interviewed. Questionnaires with questions focusing on the farm and non-farm activities of the farmers were administered through a face-to-face interview. The dependent variable of the model in this study is farm income. The independent variables estimated include the age, sex, educational level, farm size, farming experience, production type, fertilizer usage, input cost, weather, fire outbreak, theft and pest and disease attacks. Table 2 briefly describes the variables. For the willingness to pay agricultural insurance model, the apriori expectations are showed in Table 3. www.ccsenet.org/ijef
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Socio-Economic Characteristics of the Farmers
The farmers interviewed had 73 males and 28 females. Farm size of the farmers ranged from 1 acre to 56 acres. 43 farmers had farms ranging from 1 to 5 acres (Small Scale Farms) representing about 42.6%, 51 farmers had farms ranging from more than 5 acres to 20 acres (Medium Scale Farms) representing about 50.5% and 7 farmers had farms greater than 20 acres (Large Scale Farms) representing about 6.9%. For the type of farm cultivated, 49 farmers cultivated only crops, 43 farmers cultivated only livestock and 9 farmers cultivated both crops and livestock. Table 5 shows the OLS regression results of the logarithmic farm income model presented in Section 3. The White test was used to test for heteroscedasticity and the results show that, the null hypothesis of homoscedasticity was not rejected. This thus indicates that heteroscedasticity was probably not a problem, or at least that if it was a problem, it wasn't a multiplicative function of the predicted values. The Variance Inflation Factor (VIF) was used to detect multicollinearity, and some of the variables had high values. Agesq and Educsq which were insignificant were thus dropped and a subsequent test proved that, the presence of multicollinearly had been corrected. A test for endogeneity was also done, and the result using the Instrumental variable test indicated that, there were no endogenous variables. The Pseudo R-squared value of 0.8681 in shows that, about 86.81 percent of the variation in the dependent variable (farm income) is explained by the independent variables. The probability value (0.000) of the F-statistic shows that, the independent variables exert a significantly joint effect on the amount farm income received by a farmer at the 1% significance level.
Empirical Results and Discussion
Table 5 also shows that, the age of a farmer, the gender of the farmer, education, farm size, farming experience, the interaction between gender and education, the interaction between farm size and farming experience, input cost, pests and disease attacks and unfavorable weather significantly affect farm. The results imply that, age as a variable has a negative relationship with farm income. An additional year of a farmer reduces his/ her farm income by 0.181. It is shown that, compared with females, males on the average make a farm income of 8.46% more than females, all things being equal. A difference in mean analysis for farm income with respect to gender revealed that, males earn GH¢ 2467.7 more than females. This result confirms the general assertion in previous studies that, males on the average earn more than females. The return on education for females is 1.74% whilst return on education for males is 1.736% (1.74-0.00361), all things being equal. This result indicates that, contrary to most general previous studies, female farmers in the Greater Accra Region earn a very little more return on education than do males. This can motivate females in the sector to have level of education since the expectation on income is supposed to more.
An additional acre of farm size causes a 1.987 (i.e. 2.02-0.0335) increase in farm income. This result strongly encourages medium scale and large scale farming since small farms would definitely make less income than their bigger competitors, all things being equal.
An additional year of farming experience causes a 0.8875 (i.e. 0.921-0.0335) increase in farm income. This obviously states that, older farmers with more farming experience make more farm income than younger farmers. This therefore implies that, the older farmers used in the data might not have started farming at an early age, since middle aged farmers made the most farm income. This could also be attributed to lesser amounts of vigor and energy for older farmers to farm.
The elasticity between input cost and farm income is 0.19 implying that, a 100% increase in input cost leads to a 19.86% increase in farm income. This clearly depicts a decreasing return to scale on these farms.
Among the agricultural insurable risks, pest and disease attacks and unfavorable weather significantly affected the amount of farm income received by the farmers. As expected, they both depicted a negative relationship with farm income with unfavorable weather showing a greater magnitude. The occurrence of a pest or disease attack leads to a 4.30 decrease in farm income whilst the occurrence of an unfavorable weather condition leads to a 4.97 decrease in farm income. From the summary statistics, a farmer faces an average pest and disease occurrence of 2.4 times annually and 2.7 times annually for unfavorable weather. This implies a mean reduction of 10.32 (4.30*2.4) in farm income caused by pest and disease attacks and a mean reduction of 13.42 (4.97*2.7) in farm income caused by unfavorable weather. This results show that, insurance for these risks is indeed very necessary. These results strongly confirm the data used, since most of the farmers either complained about floods or about very low output levels due to attacks from pests and diseases. Most of the farmers noted that they used pesticides and insecticides, and hence this problem could be attributed to either misapplication of these herbicides or the existence of resistant pests and diseases.
The second regression that provides results for the willingness to pay for agricultural insurance model show that, the factors that will significantly affect agricultural insurance in the Greater Accra Region are age-squared, education, unfavorable weather, income and pest and disease attacks.
In what follows, descriptions of the marginal effects of the significant variables are provided (see Tables 6). Findings from the study show that only age-squared, education, unfavorable weather, income levels and pest and disease attacks significantly affect the farmer's willingness towards acquiring agricultural insurance. A result worth noting in this study is the insignificance of fire outbreak in the Greater Accra Region (Note 2). This result stems from the fact that, fire hazards on farms in the Greater Accra Region are very rare and most of the farmers enumerated had not experienced fire outbreaks on their farms ever since they started farming. The Pseudo R-squared value of 0.6830 in Table 4 .6 means that, about 68.30 percent of the variation in the dependent variable (willingness to insure using agricultural insurance) is explained by the independent variables (age, education, farm size, unfavorable weather, fire outbreaks, income levels, farm thefts and pest and disease attacks). The probability value (0.034) shows that, bad weather, fire outbreaks, income levels of farmers, farm thefts and pest and disease attacks exert a significantly joint effect on farmers' willingness to insure their assets using agricultural insurance at 5% significance level. As the farmer ages, the probability that the farmer will insure his/her assets using Agricultural Insurance will increase by 0.098, all things being equal. Furthermore, an additional year in the level of education of a farmer increases the probability that a farmer would be willing to insure his/her farm assets by 0.1698, all things being equal.
Moreover, as the number of unfavorable weather conditions (floods and droughts) increase by 1, the probability that a farmer will insure his/her agricultural assets using Agricultural Insurance will increase by 0.0435, all things being equal. A GH¢1 increase in the level of farm income would increase the probability of insuring agricultural assets by 0.00004, all things being equal.
Finally, as the number of occurrence of pest and diseases attack increase by 1, the probability that a farmer will insure his/her agricultural assets using Agricultural Insurance will increase by 0.0518, all things being equal.
Conclusion
This article examines the determinants of farm income among farmers in the Greater Accra region of Ghana. This analysis is accomplished by estimating a logarithmic farm income model using a simple OLS regression to determine the effects that the individual determinants exert on the amount of farm income. The econometric results show a highly significant and positive association between farm size and farm income and farming experience and farm income. In addition, gender of farmer, education and input cost also contribute significantly to the improvement of farm revenue all showing a positive relationship. Age, the interaction between gender and education and the interaction between farm size and farming experience also significantly affect farm income, but rather negatively. As was expected, unfavorable weather and pest and disease attacks very much significantly affected farm income negatively.
